A subset of patients with stage IVA hepatocellular carcinoma (HCC) and preserved liver function may benefit from hepatic resection.
F
OR PATIENTS WITH SMALL hepatocellular carcinoma (HCC), liver transplantation (LT) and hepatic resection can achieve cure. However, curative surgery is feasible for less than 30% of patients either because of locally advanced disease or the presence of distant metastases at the time of diagnosis. 1 When patients are found to have distant metastases, the disease is classified as stage IVB according to the International Union Against Cancer TNM system 2 ( Table 1) , and palliative treatments are the only reasonable option. 3 For patients with stage IVA HCC (multiple bilobar tumors, tumoral invasion of the portal vein, or invasion of adjacent organs), there is no standard therapeutic approach, and the role of surgery for these patients remains undefined. [4] [5] [6] [7] Several surgical treatment options are available for patients with advanced HCC and preserved liver function (Child-Pugh class A), including radiofrequency ablation (RFA), cryotherapy, ethanol injection, transarterial chemoembolization (TACE), and surgical resection. While RFA is frequently used in combination with surgery to increase resectability rates in patients with colorectal metastases, 8, 9 multimodal surgical treatments are seldom used for the treatment of patients with HCC.
The main factors that restrict the indications for surgery in patients with advanced HCC are the extent of tumoral involvement of the liver, the degree of underlying liver disease, and the size of the liver remnant. However, patients who are candidates for surgery appear to have a survival benefit, with 20% to 40% postresection 5-year survival rates reported after resection of bilobar HCC. 3, [10] [11] [12] Similarly, survival following resection of HCC in patients with portal vein invasion compares favorably with the survival rates reported after nonoperative treatment. 3, [13] [14] [15] Percutaneous ablative techniques (RFA, ethanol injection) are seldom used alone to treat stage IVA HCC because they are limited by the number, size, and location of the tumoral nodules. 16 Nevertheless, their intraoperative use as a complement to surgery may achieve complete destruction of otherwise unresectable HCC. These techniques can also be successfully used for the treatment of recurrence.
Given these data, we have treated a number of patients with advanced-stage HCC with surgery, including initial hepatic resection combined with local destruction of unresectable nodules, followed by an aggressive combined-modality treatment of recurrent disease. The aim of this study was to evaluate the impact of this approach for select patients with stage IVA HCC.
METHODS
Between January 1998 and July 2004, 128 patients underwent liver resection for HCC in our unit. Twenty of these patients (16%) had stage IVA disease according to the International Union Against Cancer TNM classification and formed the cohort of this study. Prior to hepatic resection, each patient provided a medical history and underwent physical examination, screening for hepatitis B and hepatitis C, serum laboratory tests assessing liver function, hemostasis, and renal function and determination of serum ␣-fetoprotein level (␣FP). Abdominal computed tomography (CT) and/or magnetic resonance imaging were used to assess local tumor extension, and thoracic CT was systematically performed to detect the presence of pulmonary metastases.
All patients presenting with HCC within the Milan criteria (single nodule Ͻ5 cm, Ͻ3 nodules Ͻ3 cm, and no vascular invasion) are considered for LT in our institution. 17 According to our policies, partial liver resection prior to LT may be indicated in some of these patients as a bridge to transplantation and/or for selection before LT on the basis of histopathologic criteria but not as a tumor downstaging strategy. However, no patient in this series was eligible for LT since tumor characteristics did not meet the Milan criteria in all cases. Advanced HCC in the setting of severe cirrhosis (Child-Pugh classes B and C) was considered a contraindication for surgery and patients were offered alternative treatments.
In patients with technically resectable (tumor was deemed completely resectable with a residual functional liver parenchyma of at least 30%) stage IVA HCC and preserved liver function and without evidence of portal hypertension, an aggressive therapeutic strategy was considered after discussion in a multidisciplinary conference. Unilateral thrombosis of the portal vein or partial invasion of the vena cava were not considered contraindications to surgery. Intraoperative RFA was coupled with resection whenever necessary to obtain a complete tumoral treatment. Transarterial chemoembolization was not performed preoperatively.
Primary end points were overall and disease-free survival. Preoperative characteristics of patients with stage IVA HCC who underwent liver resection are presented in Table 2 . There were 19 men and 1 woman with a mean (SD) age of 58 (13) years. Underlying liver disease, which was present in all patients, was due to viral hepatitis in 12 patients (60%) and alcohol in 8 patients (40%). Values of serum ␣FP were in excess of 400 ng/mL (to convert to micrograms per liter, multiply by 1) in 10 patients (50%). All intraoperative and postoperative complications were recorded. Operative mortality was defined as patient death during in-hospital stay.
Postoperative follow-up, including clinical examination, measure of serum levels of ␣FP, and liver ultrasonography or CT scan, was conducted every 4 months during the first postoperative year and every 6 months thereafter. Liver CT and/or magnetic resonance imaging were performed when tumor recurrence was suspected. In the presence of resectable recurrence, patients were considered for further hepatic resection. Patients with small unresectable recurrence were treated with RFA and/or TACE while patients with more than 3 nodules more than 5 cm were treated with TACE alone. Patients with more extensive recurrence (portal vein thrombosis, distant metastases) were treated with systemic chemotherapy according to protocol.
For statistical analysis, quantitative variables were compared using the Mann-Whitney U test. Qualitative variables were analyzed using the 2 test or Fisher exact test when necessary. Data were expressed as mean (SD) or as median and range. Differences at PϽ.05 were considered significant. 
RESULTS

OPERATIVE MANAGEMENT
Seventeen patients (85%) had bilobar tumors and 5 patients (25%) had unilateral tumoral thrombus in the portal vein, of whom 2 (10%) had associated inferior vena cava invasion. The portal vein thrombi were limited to the segmental branches (2 patients) or the isolateral portal trunk (3 patients) and did not require resection and/or reconstruction of the main portal vein. Seven patients (35%) underwent a major hepatectomy (resection of Ͼ 3 segments). Preoperative portal vein embolization (PVE) was used in 1 patient in whom the left liver represented 28% of standard liver volume. Four weeks later, his left liver volume had increased to 35% and he underwent right hepatectomy as well as wedge resection of a segment 2 tumor. At the time of resection, 6 patients were treated with RFA for a median of 1 nodule (range, 1-3 nodules). All of these patients underwent major liver resection (Ͼ3 segments) for bilobar HCC, and resection of remaining nodules would have led to insufficient (Ͻ 30%) residual liver parenchyma. Thrombectomy of the inferior vena cava under complete vascular exclusion of the liver for a period of 45 minutes was associated with right trisectionectomy in 2 patients. Invasion of adjacent organs was present in 3 patients (15%). Two of them underwent partial resection of the diaphragm while resection of an invaded right adrenal gland was performed in 1 patient ( Table 3) .
CASE EXAMPLE
A 40-year-old African patient with a history of chronic hepatitis B virus was referred to our institution because of a primary liver tumor. Computed tomographic scan showed a large HCC in the left liver, with tumoral thrombosis of the left portal vein ( Figure 1A) and a 1.5-cm nodule in segment 6 ( Figure 1B ). Serum ␣FP level was 17 000 ng/mL. He underwent left hepatectomy (resection of segments 2, 3, and 4, according to Couinaud classification), thrombectomy of the portal vein, and RFA of the tumor in the right lobe. Histopathologic examination revealed a poorly differentiated HCC, with tumoral thrombus in the left portal vein. The nontumoral liver exhibited severe fibrosis (A1F3).
Two patients (10%) underwent laparoscopic resection. This technique was chosen in 2 patients during the last period of the study considering our increasing experience with laparoscopic hepatic resection. The first patient was a 43-year-old man with bilobar HCC including a 7-cm tumor located in segment 3 and a 2-cm peripheral tumor in segment 6. A laparoscopic left lateral sectionectomy and a wedge resection of the segment 6 tumor were performed. The second patient was a 51-year-old man with single peripheral 7-cm HCC of segment 6, with invasion of the prerenal fascia and right adrenal gland. He underwent laparoscopic segmentectomy 6 and right adrenalectomy.
Intraoperative transfusion was required in 9 patients (45%). The Pringle maneuver was used in 10 patients (50%), and mean (SD) duration of hepatic clamping was 23 (28) minutes. Mean (SD) operative time was 290 (144) minutes.
TUMORAL FEATURES
The median number of tumors resected per patient was 3 (range, 1-7) and the median diameter of resected tumors was 60 mm (range, 25-150 mm). Presence of microscopic vascular embolus and satellitosis was documented in 11 patients (55%) and 7 patients (35%), respectively. Twelve patients (60%) had cirrhosis of the nontumoral liver (F4), while 8 patients (40%) had severe fibrosis (F3). All patients underwent R0 resection. 
POSTOPERATIVE OUTCOME
One patient (5%) died on postoperative day 22 of sepsis and multiorgan failure. The overall morbidity was 30%, with the most frequent complications being postoperative ascites (20%) and pulmonary complications (15%). Median intensive care unit stay was 5 days (range, 0-35 days) and median in-hospital stay was 16 days (range, 7-210 days).
RECURRENCE AND SURVIVAL
The median follow-up interval was 23 months. Overall survival rates at 1, 3, and 5 years were 73%, 56%, and 45%, respectively. Disease-free survival rates at 1, 3, and 5 years were 40%, 20%, and 17%, respectively (Figure 2) . At last follow-up, 14 patients (70%) had tumor recurrence. The median delay between hepatic resection and recurrence was 10 months (range, 2-75 months). Eight patients had intrahepatic recurrence only, while 6 patients had concomitant intrahepatic and extrahepatic recurrence (lung, n = 5; peritoneal carcinomatosis, n=1). None of the patients with recurrence were eligible for a second liver resection because of the multifocal pattern of recurrence within the liver, portal vein thrombosis, or the presence of extrahepatic disease. Treatment of recurrence was undertaken in 10 patients (71%). Seven patients underwent TACE, with a median of 3 treatments per patient (range, 1-5), and 2 of them also had percutaneous RFA of recurrent nodules. Three patients whose liver reserves would not allow for TACE or RFA were treated with systemic chemotherapy according to protocol. Patients treated by TACE showed a better outcome (median survival from the moment of recurrence, 23 months) than patients treated with systemic chemotherapy (median survival, 6 months) ( Table 4) .
COMMENT
Identification of the optimal therapeutic approach to patients with advanced HCC represents a difficult challenge. In general, the prognosis of these patients is dismal. Results of liver resection for advanced HCC have been initially disappointing because of high recurrence rates and low survival rates. 18 The presence of portal vein thrombosis is an ominous finding and the development of HCC in the setting of cirrhosis in 80% of patients further limits the feasibility of hepatic resection.
3 Liver transplantation in patients with advanced HCC has not met expectations, and the results cannot justify the inscription of these patients on transplant waiting lists. 17, 19, 20 However, recent reports from specialized centers point out that an aggressive surgical approach may improve survival rates for patients with HCC, even in the presence of poor prognostic factors, such as portal vein thrombosis or bilobar disease. [10] [11] [12] [13] [14] [15] New therapeutic strategies have been developed in an effort to improve the survival of patients with stage IVA HCC. Ku et al 1 used a percutaneous isolated hepatic perfusion technique in association with reductive surgery for the treatment of 25 patients with advanced HCC. Their excellent 42% five-year overall survival rate suggests the need for further investigations in this direction. Lau et al 21, 22 performed extensive resections and even debulking surgery following downstaging of advanced HCC by systemic chemotherapy and reported a 5-year survival rate of 57%.
Based on these encouraging results we have also applied an aggressive surgical strategy, with combined resection and ablative therapies, to some highly select patients presenting with stage IVA HCC. Intraoperative RFA was used to increase resectability in one-third of patients.
The first finding of this study was a high overall survival rate, reaching 45% at 5 years. The combined treatment with resection and RFA allowed extension of the indications for surgery in patients with advanced HCC without an appreciable deficit in survival. In a recent randomized trial, Chen et al 23 showed no difference in the outcome of patients with small HCC treated by either percutaneous RFA or liver resection. A recent metaanalysis evaluating the efficacy of tumoral destruction by RFA concluded that better tumoral control was achieved when RFA was performed intraoperatively compared with percutaneous RFA. 24 In view of these data, we think that intraoperative use of RFA may increase resectability of patients with otherwise unresectable advanced HCC. Pre- operative PVE allowed us to perform a major hepatic resection with curative intent in a patient with an otherwise unresectable HCC. As previously reported, PVE may increase tumor resectability 25 because of the hypertrophy of the future remnant liver and may diminish postoperative morbidity in patients with cirrhosis undergoing major liver resection. 26 Therefore, PVE should be considered in select patients with cirrhosis who are candidates for major liver resection for stage IVA HCC.
We report a 5-year disease-free survival rate of 17% in 20 patients, of whom 5 had macroscopic invasion of the portal vein and 2 had invasion of the inferior vena cava. Theoretically, the best treatment for recurrent HCC is liver resection. 27 None of our patients had resectable disease at the time of recurrence because of the multifocal pattern within the liver or extrahepatic localization of tumoral nodules. Several reports have pointed out that intrahepatic metastasis of HCC arises via the portal veins and that anatomical segment-oriented resections that include the entire portal drainage territory provide less recurrence and better survival rates than wedge resections. 28, 29 The frequent finding of an important tumoral burden arising in a cirrhotic liver did not allow us to make anatomical resections in every patient; the use of wedge resections and local destructive therapies may explain the high recurrence rate in our patients.
The prolonged survival despite a high recurrence rate could be explained by the aggressive treatment of recurrence by percutaneous RFA and TACE. Chemoembolization has been shown to increase survival in patients with unresectable HCC [30] [31] [32] and thus is likely to improve the survival of patients with unresectable recurrence after resection. In our study, patients who were treated by TACE at the time of recurrence showed a better outcome. This result may be explained by the fact that TACE was offered only to the patients who were most fit.
The second main finding was a low operative risk. The 5% mortality and 30% morbidity rates are comparable with those reported by most of the recent series following major liver resection. 6, 12, 15, 22 This fact is probably due to careful patient selection, as we use this strategy only for patients with Child-Pugh class A disease in the absence of other major comorbidities. Using techniques such as complete vascular exclusion, nodules situated near major vascular structures can be safely destroyed. Furthermore, destruction by RFA of HCC nodules allows sparing of liver parenchyma, possibly diminishing postoperative morbidity and mortality in patients with cirrhosis. Our results stress the need to better define in the future resectability criteria for advanced HCC.
This study can be criticized on the following aspects: (1) It is a retrospective study comprising a small number of patients. This fact demonstrates that this is a highly select population and that only a small percentage of patients with advanced HCC could benefit from such an aggressive strategy; it also predicts the difficulties of performing a randomized controlled study on this topic. (2) The patients in this study were a heterogeneous group. However, this reflects the limitation of the current staging system, which places in the same group (stage IVA) patients who may have different prognoses (portal vein invasion vs bilobar).
CONCLUSIONS
On the basis of the results of our study, we conclude that highly select patients with stage IVA HCC and preserved liver function should be considered for surgical treatment. In some cases, the addition of local destructive therapies may increase resectability rates. Chemoembolization as well as chemotherapy protocols should be reserved for the treatment of unresectable recurrence. The use of this therapeutic strategy may prolong survival for patients with advanced HCC.
INVITED CRITIQUE
T he report by Chirica et al retrospectively analyzes the outcomes of 20 patients who underwent surgical resection of stage IVA HCC, representing 16% of the 128 patients overall who underwent surgical treatment of HCC at this center. These patients had advanced-stage disease with a median number of 3 resected tumors per patient and a median diameter of the largest tumor of 6 cm. Five patients had major portal venous involvement and 2 had associated inferior vena cava invasion that required operative reconstruction. All patients had at least severe fibrosis in the nontumorbearing liver with 60% having biopsy-proven cirrhosis. Impressively, Chirica et al report an operative mortality rate of only 5% with a 30% morbidity rate in this group of high-risk, advanced-stage tumors.
While this report has several limitations, including the highly select, relatively small patient cohort, it nevertheless is important in demonstrating that operative resection can be safely performed with good, long-term outcomes in a patient group that otherwise would not be considered for surgical resection at many liver centers.
However, I do not agree with the authors' claim that "Liver transplantation in patients with advanced HCC has not met expectations, and the results cannot justify the inscription of these patients on transplant waiting lists." As pointed out in the Chirica et al article, the UICC staging system classifies any patient with bilobar HCC as having T4, stage IVA disease (Table 1 ). While patients with major portal venous or hepatic venous tumor invasion clearly have worsened long-term results with orthotopic liver transplant, the same cannot be said for patients with small bilobar tumors (and no vascular invasion) meeting the American liver tumor study group modified American Joint Committee on Cancer stage II criteria (ie, Milan criteria), 1 
